1
H and 13 C NMR spectra were recorded on Varian 300, 400, 500 or 600 MHz spectrometers, at a constant temperature of 298 K. Chemical shifts are reported in ppm and referenced to residual solvent, 7.26 ppm for CDCl3 and 5.30 ppm for CD2Cl2. Coupling constants (J) are reported in Hertz (Hz). Standard abbreviations indicating multiplicity were used as follows: m = multiplet, quint. = quintet, q = quartet, t = triplet, d = doublet, s = singlet, tt = triple triplet, td = triple doublet, dd = double doublet, b = broad. Assignment of the 13 C NMR multiplicities was accomplished using DEPT techniques. MALDI-TOF mass spectra were recorded on a Bruker Ultraflex III mass spectrometer. IR-ATR spectra were recorded on a Perkin Elmer Spectrum Two IR Spectrometer.
No special caution was required as all synthesized [3] cumulene derivatives were bench stable for months upon air and light exposure. All [3] cumulene derivatives are prepared under acid media (SnCl2/HCl) using HCl (1M in Et2O) in a considerable excess (up to 400 equiv.). We have also tested the stability of [3]cumulene 3 against base by adding 6 equiv. of NEt3 to a solution of 3 in CDCl3 at room temperature during 24 h. No decomposition was observed by 1 H-NMR. We have also studied the stability of 1 and 3 against heat, by heating solutions in C2D2Cl4 and DMSO-D6, respectively, showing no decomposition after heating 3 h at 100ºC
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Compound 6
Compound 5 S3 (217 mg, 0.32 mmol) was dissolved in freshly distilled THF (15 mL) under an Ar atmosphere. The resulting solution was cooled to -40 ºC and ethynylmagnesium bromide (0.5 M in THF, 1.9 mL, 0.96 mmol) was added dropwise via syringe. The reaction was allowed to warm to rt and stirred for 16 h. The mixture was diluted with EtOAc (40 mL) and washed with NH4Cl(aq) (15 mL) and brine (15 mL), the organic layer was separated and dried with anhydrous Na2SO4 and the solvent was removed under reduced pressure. The crude was purified by column chromatography (SiO2, Hexane/CH2Cl2 3:2) affording 6 (176 mg, 79%) as a white solid. M.p.: 314 -316 ºC; 
Compound 7
Compound 6 (176 mg, 0.25 mmol) was dissolved in anhydrous DMF (10 mL) under an Ar atmosphere and cooled to 0 ºC. Then, NaH (60% in mineral oil, 25.5 mg, 0.63 mmol) was added to the alcohol solution and stirred for 30 min at 0 ºC. Then, MeI (20 µL, 0.38 mmol) was added, the cooling bath was removed and the reaction was stirred at room temperature for 1 h. The mixture was quenched by addition of ice, extracted with EtOAc (60 mL) and washed with water (15 mL) and brine (15 mL). The organic layer was separated and dried with anhydrous Na2SO4 and the solvent was removed under reduced pressure. The crude was purified by column chromatography (SiO2, Hexane/CH2Cl2 85:15) affording 7 (177 mg, 99%) as a white solid. M.p.: 320 -322 ºC; 
Compound 8
7 (105 mg, 0.15 mmol) was dissolved in freshly distilled THF (5 mL) under an Ar atmosphere and cooled to -78 ºC. Then, n-butyllithium (2.5 M in hexanes, 50 µL, 0.18 mmol) was added and stirred for 30 min at the same temperature. After this time, a solution of compound 5 (80 mg, 0.12 mmol) in distilled THF (5 mL) was added dropwise to the mixture and the reaction was allowed to warm to rt and stirred for 16 h. The mixture was diluted with EtOAc (40 mL) and washed with water (15 mL) and brine (15 mL), the organic layer was separated and dried with anhydrous Na2SO4 and the solvent was removed under reduced pressure. The crude was purified by column chromatography (SiO2, Hexane/CH2Cl2 8:2) affording 8 (21 mg, 13%) as a white solid. M. .
Compound 1
To a suspension of SnCl2·2H2O (28 mg, 0.15 mmol) in a solution of HCl(g) (1 M in Et2O, 6 mL), under an Ar atmosphere, a solution of 7 (21 mg, 15×10 -3 mmol) in anhydrous Et2O (4 mL) was added. Immediately, the white solution turned light yellow and was stirred at room temperature for 1 h. The mixture was diluted with EtOAc (40 S7 mL) and quenched with NaHCO3(sat) (10 mL). The organic phase was collected and washed with NaHCO3(sat) (15 mL) and brine (15 mL), the organic layer was separated and dried with anhydrous Na2SO4 and the solvent was removed under reduced pressure. The crude was purified by column chromatography (SiO2, Hexane/CH2Cl2 85:15) and by preparative TLC (Hexane/CH2Cl2 8:2), affording 1 (9 mg, 45%) as a green/yellow solid. M.p.: >350 ºC; 1 H NMR (600 MHz, CD2Cl2): δ = 7.58 (d, J = 6.9 Hz, 4H), 7.39 (d, J = 7.7 Hz, 4H), 7.12 (td, J = 7.5, 1.3 Hz, 4H), 7.08 (dd, J = 8.2, 2.0 Hz, 4H), 7.02 (td, J = 7.6, 1.3 Hz, 4H), 6.98 (dd, J = 8.1, 2.2 Hz, 4H), 6.91 (dd, J = 7.9, 1.3 Hz, 4H), 6.83 (dd, J = 8.1, 2.1 Hz, 4H), 6.77 (tt, J = 7.4, 1.2 Hz, 4H), 6.68 (td, J = 7.6, 1.4 Hz, 4H), 6.57 (td, J = 7.6, 1.3 Hz, 4H), 6.47 (d, J = 7.8 Hz, 8H), 1.14 (s, 36H); 13 C NMR (151 MHz, CD2Cl2): δ = 153.1 (C) , 148.2 (C), 145.9 (C), 142.0 (C), 140.8 (C), 140.8 (C) , 137.9 (C), 137. 
Compound S2
Compound S1 S1 (384 mg, 1.74 mmol) was dissolved in freshly distilled THF (10 mL) under an Ar atmosphere and cooled to -78 ºC. Then, n-butyllithium (2.5 M in hexanes, 0.7 mL, 1.74 mmol) was added, the solution turned yellow/orange and it was stirred at the same temperature for 1 h. Then, a solution of dibenzosuberenone (358 mg, 1.74 mmol) in distilled THF (6 mL) was added dropwise to the mixture and the reaction was allowed to warm to rt and stirred for 16 h. The mixture was diluted with EtOAc (80 mL) and washed with water (25 mL) and brine (25 mL), the organic layer was separated and dried with anhydrous Na2SO4 and the solvent was removed under reduced pressure. The crude was purified by column chromatography (SiO2, Hexane/CH2Cl2 3:2) affording S2 (631 mg, 85%) as a white solid. M.p.: 130 -132 ºC; 1 H NMR (400 MHz, CDCl3): 8.09 (d, J = 8.0 Hz, 2H), 7.55 (d, J = 7.3 HZ, 4H), 4H), 8H), 7.20 (s, 2H) 
Compound 3
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Compound S2 (327 mg, 0.77 mmol) and SnCl2·2H2O (200 mg, 1.06 mmol) were dissolved in anhydrous Et2O (12 mL) under an Ar atmosphere. To this mixture, a solution of HCl(g) (1 M in Et2O, 0.8 mL, 0.77 mmol) was added. Immediately, the white solution turned orange and it was stirred at room temperature for 2 h. The mixture was diluted with EtOAc (80 mL) and quenched with NaHCO3(sat) (30 mL). The organic phase was collected and washed with NaHCO3(sat) (2 × 30 mL) and brine (30 mL), the organic layer was separated and dried with anhydrous Na2SO4 and the solvent was removed under reduced pressure. The crude was purified by column chromatography (SiO2, Hexane/CH2Cl2 9:1) affording 3 (146 mg, 50%) as a crystalline orange solid. M.p.: 197 -199 
Compound 4
Compound S3 S2 (441 mg, 1.81 mmol) was dissolved in freshly distilled THF (20 mL) under an Ar atmosphere and cooled to -78 ºC. Then, n-butyllithium (2.5 M in hexane, 0.9 mL, 2.17 mmol) was added, the solution turned yellow and stirred at the same temperature for 1 h. After this time, a solution of 5 (970 mg, 1.45 mmol) in distilled THF (13 mL) was added dropwise to the mixture and the reaction was allowed to warm to rt and stirred for 16 h. The mixture was diluted with EtOAc (100 mL) and washed with water (25 mL) and brine (25 mL), the organic layer was separated and dried with anhydrous Na2SO4 and the solvent was removed under reduced pressure. The crude was purified by column chromatography (SiO2, Hexane/CH2Cl2 7:3) affording S4 (188 mg, 14%) as a white solid directly used in the next step without further characterization. To a suspension of SnCl2·2H2O (58 mg, 0.3 mmol) in a solution of HCl(g) (1 M in Et2O, 5 mL), under an Ar atmosphere, a solution of S4 (30 mg, 0.03 mmol) in anhydrous Et2O (3 mL) was added. Immediately, the white solution turned yellow, and it was stirred at room temperature for 2 h. The mixture was diluted with EtOAc (40 mL) and quenched with NaHCO3(sat) (10 mL). The organic phase was collected and washed with NaHCO3(sat) (15 mL) and brine (15 mL), the organic layer was separated and dried with anhydrous Na2SO4 and the solvent was removed under reduced pressure. The crude was purified by column chromatography (SiO2, Hexane/CH2Cl2 8:2) affording 4 (13 mg, 50%) as a yellow oil. 1 H NMR (600 MHz, CDCl3): δ = 7.77 (d, J = 7.7 Hz, 2H), 7.39 (dd, J = 14.6, 7.5 Hz, 4H), 7.25 -7.35 (m, 6H), 7.02 (t, J = 7.7 Hz, 4H), 6.92 (dd, J = 14.0, 7.1 Hz, 4H), 6.88 (d, J = 7.7 Hz, 2H), 6.80 (s, 2H), 6.77 (dd, J = 15.8, 8.1 Hz, 4H), 6.65 (t, J = 7.5 Hz, 2H), 6.57 (t, J = 7.6 Hz, 2H), 6.48 (d, J = 7.8 Hz, 2H), 6.42 (d, J = 7.9 Hz, 2H), 1.14 (s, 18H); Figure S7 . 1 H NMR (500 MHz, CDCl3) spectrum of compound 8. Figure S8 . 1 H NMR (400 MHz, CDCl3) spectrum of compound S2. 
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Figure S15. MS (MALDI-TOF) (top) and HR-MS (MALDI-TOF) (bottom) spectra of compound 1.
Photophysical properties
The linear absorption spectra were recorded in a JASCO V-540 spectrophotometer. The fluorescence spectra were recorded using a Horiba Jobin Yvon Fluorlog 3-22 Spectrofluorimeter. The spectra were recorded at M concentrations in different mixtures of THF (spectroscopic grade) and mili-Q water. The fluorescence quantum yields were determined using quinine sulfate in 0.5 M H2SO4 ( = 0.546, em = 400-500) as standard. The TPA spectra were measured by two-photon fluorescence (TPF) using Coumarin 153 in CCl4 as standard to account for the collection efficiency and excitation pulse characteristics. S4 The excitation source was a Ti:sapphire laser (Tsunami BB, Spectra-Physics, 710-990 nm, 1.7 W, 100 fs, 82 MHz). A modified setup that follows the one described by Xu and Webb was used to estimate the TPA cross-section in the 710-990 nm region. S5 The twophoton absorption cross-section was calculated from the equation:
where F2 stands for two-photon induced fluorescence intensity,  is the one-photon excited fluorescence quantum yield, n refers to the refractive index in solution, C is the concentration and s and ref are relative to the sample and the TPA reference, respectively. The two-photon emission was measured within a narrow wavelength bandwidth selected by the H20Vis Jobin Yvon monochromator placed at the entrance of a PMC-100-4 photomultiplyer tube (Becker and Hickl GmbH). The integrated intensity over the entire emission band was extrapolated using the emission spectra corrected by the detector sensitivity. The fluorescence intensity was measured in a single photon count mode by integrating the number of emitted photon in a 10 ns time interval after the excitation pulse. The emission intensity dependence of the excitation power was checked to be quadratic. The lifetime was measured in a home-built setup using a linear excitation source operating at 330 nm with a 4MHz repetition rate (second harmonic of a Coherent Radiation Dye laser 700 series, 610-680 nm, 130 mW, 5 ps, 4MHz), an Hamamatsu R2809U-01 MCP-PMT (290−700 nm) as the detector and an SPC-160 photon counting board from Becker & Hickl GmbH. Figure S21 . Absorption and emission spectra of 3 in THF. Emission was collected upon excitation at the absorption band maximum (exc = 420 nm). The sharp band in the emission spectra is due to the Raman signal from the residual water in THF. Based on the absence of emission an upper limit for emission quantum yield of 0.0002 can be estimated. 
Single crystal X-Ray Analysis
X-ray diffraction quality single crystals of 1 were grown by slow evaporation of a solution of 1 in a CHCl3/hexane solvent mixture. Single crystals of 3, 8 and TPBT were obtained by slow evaporation of a solution of the compound in a CH2Cl2/hexane mixture. The X-ray diffraction data were collected on a Bruker D8 Venture diffractometer equipped with a Photon 100 detector using Mo or Cu radiation sources. The structures were solved with the SHELXT S6 or SIR2014 software (direct methods) and refined using the full-matrix least-squares against F 2 procedure with SHELX 2016 S7 using the WinGX32 S8 software. Hydrogen atoms were placed in idealized positions (Ueg(H) = 1.2Ueg(C) or Ueg(H) = 1.5Ueg(C)) and were allowed to ride on their parent atoms. A summary of the X-ray diffraction measurement and refinement data is given in Table S1 . CCDC-1817321 (1), CCDC-1817322 (3), CCDC-1817323 (8), CCDC-1817320 (TPBT) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via https://www.ccdc.cam.ac.uk/structures/?
Compound 1 crystallized exclusively as its syn conformer, in agreement with the results reported for 2, for which the syn conformer was obtained when the compound was crystallised from chloroform or hexane. Due to the limited quality of the crystals obtained for syn-1, the thermal ellipsoids of some atoms had to be modelled by using ISOR restraints. Moreover, there was some disorder in a chloroform solvent molecule which was modelled by using SIMU and DELU restraints. In the crystal structure of 8, the OMe and OH groups are disordered as they partially occupy the same positions in the unit cell, attached to each of the 7-membered rings. These disorder was modelled using EADP, EXYZ, FREE, BIND and PART instructions, with an occupancy factor of 0.5 for the atomsin volved. One of the tbutyl groups showed thermal disorder which was modelled with SIMU, DELU and ISOR restraints.
The unit cell data measured for TPBT match those previously reported in the literature. S9 The crystal structures of TPE S10 and 2 S11 were previously reported and the data were obtained from the Cambridge Crystallographic Data Centre (CCDC-1275289 and CCDC-823689-823690, respectively) 
Theoretical calculations
Calculations were done using Gaussian 09. S12 Ground state geometry optimizations were performed in vacuum for the different molecules at the B3LYP/6-31G(d,p) level, and frequency calculations were used to ensure that a minimum was reached. TDDFT calculations were done at the same level of approximation to estimate the Franck − Condon transition energies and the corresponding configuration interaction coefficients, transition dipole moments, and oscillator strengths for one-photon absorption. 
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Transmission Electron Microscopy
One drop of a suspension of 1-aggregates in 70 vol % of water content in THF was placed on a copper grid coated with carbon. The deposit was dried under vacuum. The electron microscopy studies were performed using a LIBRA 120 PLUS Carl Zeiss SMT TEM instrument. Figure S37 . TEM images of 1-aggregates formed in a THF/water mixture with 70 vol % water content deposited on a copper grid coated with carbon.
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Dynamic-Light Scattering
Hydrodynamic diameters (DH) of the aggregates were obtained using a Zetasizer Nano ZS (Malvern, model ZEN3600) equipped with a 4 mW He-Ne solid-state laser operating at 633 nm and backscattered light was detected at 173°. The auto-correlated functions were analyzed by the CONTIN method. The concentration of 1 was kept at 5.1×10 -6 M in all samples. Mixtures of 10-90 vol % of milli-Q water in THF were prepared and analyzed. 
